In china, the farmland transfer makes various farmer specialized cooperatives (FSC) take possession of largescale farmland. In order to carry out large-scale production and intensive management, on the base of the land resources, agricultural information, and production technology, the FSC wants to make decisions on the selection of crops and their allocation to farmland (cropping plan problem) and on the temporal successions of crops over the years (crop rotation problem). In this paper, we propose the model of cropping plan decision. Firstly, based on the spatial-temporal and time flexible characteristics of crops, the network model of cropping plan is built. Secondly, through analyzing the network flow balance problems, the constraint conditions are derived, and the network model is optimized to get the linear model. Thirdly, considering the influence factors of crop productivity, the linear model is extended by establishing nonlinear constraints and objective function. Finally, the numerical example is provided to illustrate the process about making cropping plan decision. The results of the numerical example show that it is beneficial to improve the quality and output of crops, and increase economic benefit, if the model is applied to formulate scientific and reasonable cropping plan by the FSC.
INTRODUCTION
In the late 1970s and early 1980s, China's rural implementation of household contract responsibility system fully mobilizes and inspires the farmer's production enthusiasm, not only adapts to the scattered small operations, but also adapts to the concentrative and appropriate scale management, and promotes the improvement of labor productivity and the overall development of the rural economy, and improves the living standards of the most farmers. In the early 21 century, China rapidly advances industrialization, urbanization, marketization and internationalization in the unprecedented depth and breadth. However, agricultural development is relatively backward. A series of problems appear one after another, especially with the progress of scientific and technological and the continuous improvement of people's living standard, the relationship between supply and demand of crops has changed. In the past, the supply of crops falls the demand of crops, but at present, the supply of crops exceeds the demand of crops. The radical reason is that the low efficiency and the high cost of China's traditional crop production difficultly adapt to the marketization and socialization production requirements, and the farmers difficultly wrestle with the market. In order to overcome the inherent weaknesses of the traditional crop production mechanism and promote the agricultural development, the scattered single farmers need to participate in the FSC by the way of land transfer, such as subcontracting, transferring, exchanging, renting, sharing, and so on.
Because Each crop has its own characteristics which include, among others, the cultivation system, the specific processing time required by each of the several farming phases, the total cost of production and the return coming from the sale of the harvested quantity, it wants to make cropping plan decisions on the selection of crops and their allocation to farmland (cropping plan problem) and on the temporal successions of crops over the years (crop rotation problem) after the FSC owns large-scale farmland.
A cropping plan refers to the acreages occupied by all the different crops every year (Wijnands, 1999) and their spatial distribution within farming land (Aubry et al., 1998b) . This definition includes two concepts widely used in papers on farm planning and land-use/cover. The first, crop acreage, refers to the area on a farming land normally devoted to one or a group of crops every year (e.g. x hectares of wheat, y hectares of winter barley); the second, crop allocation, is the assignment of a particular crop to each plot in a given piece of land. Allocation can be spatially explicit (e.g. Rounsevell et al., 2003; Joannon et al., 2006) or characterized by land area attributes such as soil type (e.g. Annetts and Audsley, 2002; Bachinger and Zander, 2007) . A cropping plan can be expressed at the farm level where most of the decisions are made (e.g. Stoneet al., 1992 ), or at a higher level in order to address collective issues (e.g. resource uses, landscape, economy) (e.g. Rounsevell et al. 2003) .
The crop rotation is defined as the practice of growing a sequence of plant species on the same land (Bullock, 1992) . Crop rotation is characterized by a cycle period, while crop sequence is limited to the order of appearance of crops on the same piece of land during a fixed period (Leteinturier et al., 2006) . Crop rotation is along used concept in models to represent the temporal dimension of cropping plan decisions (Heady 1948) . Because the succession of crops in a given area has effects on production and consequently on cropping plan decisions, the traditional approach developed by agronomists was to derive cropping plans from the crop proportions in crop rotation. Some authors (e.g. Maxime et al., 1995; Dogliotti et al., 2003) have argued that the reproducibility of a cropping system over time is only ensured when crop choices are derived from crop rotation. Cropping plan decisions consequently require one to look back and forth in time. Crop rotation as a particular crop sequence is therefore a natural starting point in designing cropping systems that are stable over time (Vereijken, 1997) . Crop rotation is considered as being essential for integrated farming (Stoate et al., 2001) and is in contradiction with mono cropping as a sustainable solution for farms (Leteinturier et al. 2006) . The concept of crop rotation is an interesting means of obtaining a succession of crops year after year on a specific piece of land. It offers the potential of attenuating the environmental impacts of agriculture while maintaining production and achievements over the years (Vandermeer et al., 1998) . Crop rotations are also used for breaking weed and disease cycles, and for reducing dependence on external inputs (Bullock, 1992) . However, the concept of crop rotation provides very limited insight into the organization of crops among different and heterogeneous pieces of land.
The cropping plan decisions are the main land-use decisions in farming systems and involve, at the very least, the choice of crops to be grown, their acreage and their allocation within a particular farmland (Nevo et al., 1994) . These decisions mostly occur at the farm level and are consequently part of the global technical management of farm production (Aubry et al. 1998a) . A cropping plan decision is the result of a decisionmaking process subject to various objectives and constraints fitted into different spatial and temporal dynamics (Dury et al., 2011) . These decisions made in a farming system (e.g., cropping plan or crop rotation) are crucial for farmers, since they affect the productivity and profitability on the short and long-term of the farm management. Therefore, it is of paramount importance for the farmers to establish a new cropping plan for the next five years that will satisfy the policy constraints while at the same time maximize their profit (e.g., maximum gross margin, annual profit or net benefit). In this context, decision support models can play a key role in assisting farmers on how to manage their farms.
Mathematical programming can provide valuable decision support in agriculture (Butterworth, 1985) . A wide variety of approaches of this type have been developed for supporting cropping plan decisions. An excellent review of cropping plans decision models was provided by Dury et al. (2011) . Among the tools available, linear programming (LP) has been the most widely used optimization approach, mainly due to its great simplicity compared to other techniques. Other tools applied in this area include mixed-integer linear programming (MILP), which was applied to the crop rotation problem (Dogliotti et al., 2006) , and evolutionary algorithms, which were used to identify optimal cropping plan decisions at the farm level (Sarker and Ray, 2009 ).
In the modeling approaches reviewed, the cropping plan problem was optimized within a given context and considering one or multiple objectives. Some models optimized a single objective (e.g., the farmer's profit), while others focused on several criteria (e.g., environmental and economic objectives) (Bartolini et al., 2007) . The latter case arises when conflicting objectives, such as economic sustainability, resources use and environment protection, must be taken into account simultaneously in the decision-making process. This is sometimes enforced by policy reforms that prompt farmers to adapt their practices (Louhichi et al., 2010; Oñate et al., 2007) . The overwhelming majority of the models that support cropping plan decisions assume a single time period and steady state operation, that is, they provide a single set of decisions for a given period, typically one year. In practice, however, a cropping plan contains several time periods, so the underlying decision-making problem is multi-stage in nature (the decisions must be made over multiyear periods). Some authors applied dynamic programing (DP) to deal with this issue. This approach was used to identify the optimal management of agricultural resources over planning horizons (Kennedy, 1986) , and also for optimizing agricultural management problems that are decomposed into sub problems (Janová, 2011; Parsons et al., 2009; Sarttra et al., 2013) .
Based on the results in the existing literature, the optimization of cropping plan decision is concluded to have a significance impact on the performance of the FSC and is attracting growing interest. However, the optimization of the cropping plan decision in China is seldom researched. crop has the seasonal features, its production start and end time may be chosen in a certain time area, i.e. its production start and end time have one or more options, such as the earliest time, the most suitable time and the latest time. Therefore its production time may be is flexible. In this paper, we take into account real conditions in china as well as the time flexibility of crop production, propose the model of cropping plan decision by use of network flow programming.
The remainder of the paper is organized as follows. Section 2 introduces the problem statement and builds the network model of cropping plan decision based on the Spatial-Temporal and time flexible characteristics of the crop production, analyzes the network flow balance problems, deduces the constraint conditions, optimizes the network model, and get the linear model. Section 3 extends the linear model considering the influence factors of crop productivity by establishing nonlinear constraints and objective function. Section 4 presents the numerical example to illustrate the process about making cropping plan decision, the numerical results show it is beneficial to improve the quality and output of crops, and increase economic benefit, if the model is applied to formulate scientific and reasonable cropping plan by the FSC. Section 5 concludes the paper.
2.MODEL FORMULATION
We consider that the cropping plan decisions are the main land-use decisions subject to various objectives (e.g., social benefit, economic benefit and ecological benefit) and constraints fitted into different spatial and temporal dynamics at the farm level. In this paper the part crops have some characteristics as follows: (1) the crops have different planting and harvesting period;(2) the crops have the same planting period, but have different harvesting period;(3) the crops have different planting period, but have the same harvesting period;(4) the crops have the same planting and harvesting period;(5) the same crops are planted at different periods, namely the crops have the time flexible;(6) the same crops are planted at the same period, the same products, but harvested at different period, namely the crops have the time flexible. Therefore, the working phase of crops may be overlapping, complementary, interleaved. In order to satisfy a given known demand, the paper takes the focus on the choice of crops and their acreage and their allocation for a given period, typically one year.
Let be the number of different available crops that may be planted, Let us consider that the FSC owns a piece of arable land of d hectares where different crops ( = 1, 2 . . . , ) may be grown. Let bethe planning period. We are also given the crop yields and the cost of exploitation of each crop. Moreover, the price received by farmers for each crop. The following assumptions are made when building the model:
The maximum area of crops that are planted to satisfy the demand; set of time periods in which crop may be planted, crop may begin to be planted in time period ( ∈ ); set of time periods in which crop may be harvested, crop may be harvested in time period ( ∈ ), when crop j may begin to be planted in time period ( ∈ );
. . crop that may begin to be planted in time period ( ∈ ) and harvested in time period ( ∈ );
. . The net profit of crop . . per unit area, the unit isRMB/acre; . . The planting area of crop . . ; . . The time in which crop . . begins to be planted; . . The time in which crop . . ends to be harvested; As an example, let us consider a cropping plan of one year, divided into 12 periods of one month (M = 12) . Fig.1 presents the network of crops production, the node (S, A . . . , )indicates begin of month ( = 1, 2 . . . ,12) respectively, the node T indicates end of 12-th month, each arc refer to production process the crop . . between . . and . .
The objective function, Eq. (1), which reflects the maximization of the gross contribution is given as follows:
Let ( = 0, 1 . . . ,12) be the month that is represented by the node(S, A … , T) in Fig.1 . In order to match operations and tool types, for all ( = 1, 2 . . . , ) , ∈ and ( ∈ ), we define . . as the binary coefficient to represent whether crop . . is allowed to plant at the time r as follows: 
There is characteristics of network flows in Fig.1 , we consider the network of crops production as the network model. Input flow of the node includes fallow and released land that is harvested in last period, output flow of the node includes fallow and occupied land that is planted in next period, and each node should keep the balance between input flow of the node and output flow of the node. We apply equation to describe the flow constraints of each node, there is output flow of the node on the left side of the equation, and there is input flow of the node on the right side of the equation. Now, let x r+1 be the amount of fallow at the time r.It is important to note that land is occupied by the cropsin the following situations: (i) crops are planted before time r, but harvested after time r, i.e., where . . ≤ + 1 and . . ≥ + 1 or . . ≤ 12 and . . ≥ + 1, land is occupied by the crops; (ii) crops begin to be planted at time r, i.e., where . . = + 1 and 0 ≤ ≤ 11 or . . = and = 12, land is occupied by the crops.
①The balance of node S,i.e., the total amount of fallow and land that land is occupied by the crops is allowed to plant at the time r= 0is equal to the total amount of arable land.
On the left side of Eq. (4), the first item shows that the land area is occupied by the crops where . . ≤ 12 and . . ≥ 0; the second item shows that the land area is occupied by the crops where . . = 1; the third item shows the amount of fallow.
②The balance of node A, i.e., the total amount of fallow and land released in January is equal to the total amount of fallow and land occupied by the crops at the time = 1. .
③The balance of node B, i.e., the total amount of fallow and land released in February is equal to the total amount of fallow and land occupied by the crops at the time = 2. 

The Eq. (6) is substituted into the Eq. (7), we obtain Eq. (8) as follows:
④The balance of node(e. g. , C, D, E, F, G, H, I, J, K), i.e., the total amount of fallow and land released in month r is equal to the total amount of fallow and land occupied by the crops at the time ( = 3, 4 . . . , 11). .
⑤The balance of node T,i.e., the total amount of fallow and land released by the crops that is allowed to harvest at the time = 12is equal to the total amount of arable land.
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FSC want to decide the area of crop j to meet the demand of the target market, but crop j is also affected by , so this can be done with the following constraint:
1, 2, 
as 
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In the model (12), the first three constraint conditions show that the time node S ~ T needs to satisfy the space constraints, namely the total amount of fallow and land occupied by crops is equal to the total area of the land at each time node; The fourth constraint shows the area of each crop is to meet the demand of target market. The first four constraints comprehensively show crops need to meet the spatial-temporal constraints, the goal expressed in the objective function is coincident with the network model, therefore, solving mathematical model is also solving network model, and the mathematical model, which is typical linear programming model, can be solved by means of linear programming software.
MODEL EXTENSION
In the model (12), based on historical statistics of crop production, we assume that the productivity of crop is the average yield per acre and constant. As a result, the supply constraints tomeet market demand are converted into area constraint of crops. According to the theory of scale economy, crop productivity will be affected by the scale of crop production, and there is a certain degree of positive correlation between crop productivity and area of crop production, namely area of crop production is larger, the greater the average yield of crop; on the contrary,the smaller the average area yield of crop, therefore crop productivity can be regarded as a function of area for crop production, which is written as follows:
In Eq. (13), . . ( . . ) is a specific productivity function for crop . . that is produced at time i and harvested at time k; . . and . . , which are can be obtained through regression technique, two significant constants that is closely related to crop j, the time i to plant crop and the time k to harvest crop, . . . . ( . . ) indicates production of crop . . . The quality of crops will be subject to the time i to plant crop and the time k to harvest crop, thereby affect the market price of crops, therefore we let . . * be unit weight gains of crop, and let * be the market demand for crop j, linear programming model will be expanded into nonlinear programming modelas Eq. (14) For this nonlinear programming model (13) using the mixed penalty function method SUMT we transform the constrained nonlinear programming into a sequence of unconstrained minimization problems, and we solve the unconstrained problems by the variable metric method DFP and the method of quadratic interpolation, the solving process will not repeat them.
CASE STUDY
Liangshui is a village in Anyue county of Sichuan province, adjacent to Chongqing in china, and similar to Chongqing in geography, natural environment, such as climate, soil, physiognomy. Therefore we refer to the compilation of Chinese agriculture products cost-benefit data which is provided by National Development and Reform Commission, let net profit of Chongqing area be the net profit value according to the local actual situation, and obtain production period from on-the-spot investigation (Table 1) . Given the weak relationship between crop productivity and production area, crop productivity is regarded as constants to research cropping plan. Table 2 , there is a large area of fallow from August to November. Even though it may be used to plant Chinese cabbage, and increase the total output of Chinese cabbage, but also the balance of supply and demand of the market will be destroyed, the price of Chinese cabbage will decline, it is difficult to increase total income of Chinese cabbage.In fact, fallow is not abandoned, although it cannot directly bring economic benefits, but it can restore soil fertility and the various kinds of organic matter, provide good production conditions and the environment for the subsequent crop production, improve the yield and quality of agricultural products, and increase the economic benefits.
CONCLUSIONS
In this paper, we consider that the time flexibility of crop will effect on cropping plan decision, and the network flow programming has spatial and temporal characteristics, therefore we apply the network flow programming to help FSC make cropping plan decision. In the process of practical application, the key to effective agricultural production planning is the accuracy of the information as follows: (1)the accuracy about production period and production period division of crop, because the production period of crop directly affect the production schedule of subsequent crop, we can eliminate its influence when we divided planning time into smaller period; (2) the accuracy about net profit of crop, which will directly effect on the result of the cropping plan decision, we can adopt more advanced statistics technology to improve the accuracy and practicability of the data.
